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Questions
• What are the opportunities for probing the “new 

Standard Model” and novel aspects of nucleon 
structure with electroweak processes at an EIC?

• What EIC measurements are likely to be relevant 
after a decade of LHC operations and after 
completion of the Jefferson Lab electroweak 
program?

• How might a prospective EIC electroweak program 
complement or shed light on other key studies of 
neutrino properties and fundamental symmetries in 
nuclear physics?



Outline

• Lepton flavor violation: e-+A K τ - + A

• Neutral Current Processes: PV DIS  & PV Moller

• Charged Current Processes: e-+A K ET + j

Disclaimer: some ideas worked out in 
detail; others need more research
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Lepton  Number & Flavor Violation

• LNV & Neutrino Mass

• 0νββ Mechanism Problem

• CLFV as a Probe

• τ K e  Conversion  at EIC ?

Uncovering the flavor structure of the new SM 
and its relationship with the origin of neutrino 
mass is an important task. The observation of 
charged lepton flavor violation would be a major 
discovery in its own right.  
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Sorting out the mechanism

• Models w/ Majorana masses (LNV) typically 
also contain CLFV interactions 

RPV SUSY, LRSM, GUTs (w/ LQ’s)

• If the LNV process of 0νββ arises from TeV 
scale particle exchange, one expects 
signatures in CLFV processes

• τ K e  Conversion  at EIC could be one 
probe
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Doubly Charged Scalars
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+ heµ hµτ

+ heτ hττ

All hab  $ mν if part of see-
saw
LHC:  Δ++ , Δ−− BRs (in pair 
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LFV with τ leptons: HERA

Veelken (H1, Zeus)  (2007)

Leptoquark Exchange: 
Like RPV SUSY /w λ/  τeqq eff op

| λlq|2 < 10-4 (MLQ / 100 GeV)2

HW Assignment:

• Induce τKeγ at one loop?

• Consistent with BτKeγ ? 
         HERA limits 
look stronger

• Connection w/ mν & 0νββ    

in GUTS ?

• Applicable to other models 
that generate tree-level ops?



LFV with τ leptons: recent theory
Kanemura et al (2005)

τµqq eff op SUSY Higgs Exchange

| λlq|2 < 2 x 10-2 (MLQ / 100 GeV)2

| λlq|2 < 10-4 (MLQ / 100 GeV)2 HERA



Neutral Current Probes: PV

• Basics of PV electron scattering

• Standard Model: What we know

• New physics ? SUSY as illustration

• Probing QCD 
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Effective PV e-q interaction & QW

Low energy effective PV eq interaction

Weak Charge:
Nu C1u + Nd C1d

Proton:

QW
P =  2 C1u + C1d = 1-4 sin2θW ~ 0.1

 Electron:
QW

e = C1e = -1+4 sin2θW ~ - 0.1
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QW and Radiative Corrections

Tree Level

€ 

QW
f = gV

f gA
e

Radiative Corrections

QW
f = ρPV (2I3

f − 4Qfκ PV ) + λ fsin2  θW

Flavor-independent

Normalization Scale-dependent effective 
weak mixing

Flavor-dependent

Constrained by Z-pole 
precision observables

Large logs in κ :

Sum to all orders with 
running sin2θW & RGE 
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Effective PV e-q interaction & PVDIS

Low energy effective PV eq interaction

PV DIS eD asymmetry: leading twistWeak Charge:
Nu C1u + Nd C1d

Proton:

QW
P =  2 C1u + C1d = 1-4 sin2θW ~ 0.1

 Electron:
QW

e = C1e = -1+4 sin2θW ~ - 0.1
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Model Independent Constraints

P. Reimer, X. Zheng
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N X
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Z* γ*
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Higher Twist:  qq and 
qqg correlations
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Low energy effective PV eq interaction

PV DIS eD asymmetry: leading twist

Higher Twist (J Lab)

CSV (J Lab, EIC)

 d/u (J Lab, EIC) 
+
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up (x) = dn (x)?
d p (x) = un (x)?

•Direct observation of parton-level CSV would be very exciting!
•Important implications for high energy collider pdfs
•Could explain significant portion of the NuTeV anomaly

€ 

δu(x) = up (x) − dn (x)
δd(x) = d p (x) − un (x)

€ 

RCSV =
δAPV (x)
APV (x)

= 0.28δu(x) −δd(x)
u(x) + d(x)

Londergan & Murdock

Few percent δA/A

Adapted from K. Kumar
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C-Odd SD Structure Functions

C-odd

C-odd

Anselmino, Gambino, Kalinowski ‘94



Target Spin Asymmetries

Polarized Long & trans target spin asymmetries (parity even)

Unpolarized Long & trans target spin asymmetry (parity odd)

Bilenky et al ‘75; Anselmino et al ‘94
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Charged Current Processes

• The NuTeV Puzzle

• HERA Studies

• W Production at an EIC ? CC/NC ratios ?



Weak Mixing in the Standard Model

 Scale-dependence of Weak Mixing

 JLab Future

 SLAC Moller

ν−nucleus deep inelastic scattering

 Z0 pole tension
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HERA W production 
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Nuclear & neutron β−decay

Pion leptonic decay

Polarized µ-decay

δ O / OSM ~ 10-3

δ O / OSM ~ 10-4

δ O / OSM ~ 10-2

HERA W production 

δ O / OSM ~ 10-1

A. Schoning (H1, Zeus) 

CC Structure Functions: more promising?
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PVES Probes of RPV SUSY

 λ111
/ ~ 0.06 for mSUSY ~ 1 TeV

0νββ sensitivity

 λk31 ~ 0.15 for mSUSY ~ 1 TeV

 µ->eγ LFV Probes of RPV:

 λk31 ~ 0.03 for mSUSY ~ 1 TeV

 µ->e LFV Probes of RPV:

 λ12k ~ 0.3 for mSUSY ~ 1 TeV & δQW
e

 / QW
e ~ 5%

 λk31 ~ 0.02 for mSUSY ~ 1 TeV

 mν LNV Probes of RPV:
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•Precision sin2θW measurements at colliders very challenging
•Neutrino scattering cannot compete statistically
•No resolution of this issue in next decade
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